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Introduction
The study of flow and heat transfer generated by different geometries in non-Newtonian fluid plays a significant role in many engineering and industrial areas. Examples of such fluids are foods, fossils, fuels, pulps and molten polymers, several fluids in pharmaceutical formulations, synthetic lubricants, salvia, synovial fluid, jams, marmalades, sewage sludge, clay and coal in water and paints. During the last five years, the boundary layer flows of non-Newtonian fluids over different geometries with the influence of thermal radiation have been studied. This is in view of much importance in industrial, engineering, geo-physics and bio-science such as slurries, suspensions, dispersions, pharmaceutical formulations, paints, biological fluids, synthetic polymers, melts and solutions of naturally occurring high molecular weight, synthetic lubricants and food stuffs, naturally occurring fluids such as animal blood, behavior of exotic lubricants, liquid crystals and colloidal suspensions. Tai and Char (2010) studied the effects of Soret and Dufour on free convection flow of non-Newtonian fluids along a vertical plate embedded in a porous medium with thermal radiation. Hayat and Qasim (2011) analyzed the effects and radiation and magnetic fields on the unsteady mixed convection flow of a second grade fluid over a vertical stretching sheet. Mukhopadhyay et al (2012) investigated thermal radiation on forced convective flow and heat transfer past a permeable vertical surface in Darcy-Forchheimer porous medium. His results indicate that due to suction the skin-frinction increases while the rate of heat transfer increases due to suction. Due to thermal radiation, temperature is found to decrease. The combined effects of suction and thermal radiation can be used as means of cooling. Gireesha et al (2013) studied radiation effect on mixed convective heat and mass transfer of a dusty fluid past a stretching sheet with non-uniform heat source/sink. The radiation parameter is predicted to enhance the temperature profiles of both the fluid and dust phases for the VWT and VHF cases for larger values of radiation parameter. Rashad (2014) investigated the influence of radiation and variable viscosity on unsteady MHD flow of a rotating fluid over a stretching surface in a porous medium. Srinivasacharya et. Al (2015) studied radiation effect on heat and mass transfer flow of a viscous fluid over a vertical wavy surface in a porous medium with variable properties and reported results that increasing radiation parameter tends to increase flow velocity and temperature profiles whereas concentration profile is reduced. Rashad et.al (2016) investigated thermal radiation effects on convective boundary layer flow over a rotating cone in porous medium with thermophoresis.
Previous studies indicate that not much has been presented yet regarding the flow over horizontal cylinder. Free convection around heated, horizontal cylinder for various fluids is of great importance due to its extensive industrial process and geological formulations applications. Such as the coating of wires or polymer-fiber spinning, in the assessment of aquifers, in the exploration and thermal recovery of oil, underground nuclear waste storage sites and geothermal reservoirs. Vasu et.al (2010) studied computational analysis of free convection heat and mass transfer from an isothermal horizontal circular cylinder in a micropolar fluid with Soret/Dufour effects. They reported the results that with increasing Soret number the rate of heat transfer is boosted considerably, with the converse response with increase in Dufour number. Hussain and Hussain (2010) numerically investigated natural convection in a uniformly heated circular cylinder embedded in square enclosure filled with air at different vertical locations. Nadeem et.al (2011) investigated boundary layer flow of Second grade fluid in a cylinder with heat transfer. Hussain and Hussain (2011) studied natural convection heat transfer flow in a differentially heated square enclosure with a heat generating-conducting circular cylinder at different diagonal locations. Hussain (2013) analyzed natural convection in a parallelogrammic cavity with a hot concentric circular cylinder moving at different vertical locations. Prasad et.al (2013) studied flow and heat transfer of Casson fluid from a horizontal circular cylinder with partial slip in non-Darcy porous medium. They reported that velocity increases for increasing values of Casson fluid parameter and is found to reduce the temperature profile. Tham et al (2014) studied mixed convective heat transfer flow of a nanofluid from a horizontal circular cylinder in a porous medium using Buongiorno-Darcy model. Prasenjit et al (2015) investigated unsteady mixed convection over circular cylinder in the presence of nanofluid. They found and reported results that mixed convection heat transfer of water based nanofluid can be analyzed correctly by both the artificial neural network and Gene expression programming (GEP), but GEP is found more efficient.
To the best of our knowledge, no one has studied the influence of thermal radiation on convective heat transfer flow of a non-Newtonian second grade fluid over a horizontal circular cylinder. The governing boundary layer equations are transformed into non-dimensional equations by using non-similarity transformation and then found the numerical solutions by employing implicit finite difference method with Keller box scheme. The numerical results are reported graphically and in tabular form for various physical parameters; Deborah number, Prandtl number and thermal radiation on flow velocity and temperature profile, as well as skin friction and Nusselt number. The obtained results are validated by comparing the results with previously published work. Excellent agreement has been obtained.
Mathematical Formulation
We consider the steady, incompressible, laminar free convective flow of non-Newtonian second grade fluid over an impermeable isothermal horizontal cylinder. Fig. 1 shows the configuration of the system and co-ordinate system. Where a is the radius of the cylinder. The cylinder is heated to temperature of T w which is surrounded by the free stream temperature  T , far away from the surface. The fluid is assumed to be a gray, absorbingemitting radiation but non-scattering medium. 
where -pI is indeterminate spherical stress due to constraint of incompressibility, 12 ,  are the material moduli, and 12 , AA are the first two Rivlin-Ericksen (1995) 
where LV  , D/Dt is the material derivative, Fosdick and Rajagopal (1979) argue that the second grade fluid, modelled by Eq. (1), is to be thermodynamically compatible, in the sense that all motions of the fluid meet the Clausius -Duhem inequality together with Helmoltz free energy being at its minimum whenever the fluid is locally at rest. The thermodynamical constrains put some restriction on the sign and magnitude of the material moduli:
where V is the velocity field in two-dimensional i.e. 
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Second grade fluid
. Now x and y-momentum equations are written as: 
The associated boundary conditions are 0, 0, 0 0,
Where , uv are velocity components in x and y-directions. 1  is the material constant associated with second grade fluid,  is the fluid density,  is the kinematic viscosity, g is the acceleration due to gravity,  is the thermal expansion coefficient and c p is the specific heat at constant pressure. Second term in right hand side of Eq. (8) 
In order to transform the governing equations into non-dimensional form we introduce the following nondimensional variables
, ,
where  is the stream function which satisfy Eq. (7) (8) and (13) becomes
The corresponding boundary conditions are 0, 0, 1 0
where primes denotes the differentiation with respect to  , the dimensionless radial coordinate,  is the dimensionless tangential coordinate, 
In non-dimensional, skin friction C f and Nusselt number Nu can be written as 
Numerical Method of Solution
The set of differential equations (15) and (16) associated with boundary conditions (17) is highly nonlinear and therefore, it cannot be solved analytically, Hence implicit finite difference method with Keller box scheme has been used for solving it. The main ability of this implicit scheme is to solve systems of differential equations of any order as well as featuring second-order accuracy and attractive extrapolation features. For the implicit finite difference method with Keller box scheme one can refer to Cebeci and Bradshaw (1984) and Bhuvanavijaya et al (2014) . We first converted the partial differential equations (15) and (16) into a system of first order differential equations. The resulting equations are written in finite difference forms by considering the functions and their derivatives in terms of center difference. The resulting central finite difference equations are to be linearized by using Newton's method. The obtained linear algebraic equations can be expressed in block diagonal matrix. The solution procedure is given as: To obtain a set of first order differential equation from (15) and (16) we introduce the new variables
Where prime denotes differentiation with respect to  .
3.2 Write the difference equation using central differences 
where , 
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Linearize the resulting algebraic equations by Newton's method
To linearize the system of nonlinear equations (23) using Newton's method, we introduce the following iterates 

To complete the system (25) we recall the boundary conditions (24g) , which can be satisfied exactly with no iteration. So, to maintain these correct values in all the iterates, we take
Block elimination method
The linear system (25) can now be solved by the block-elimination method, as it is explained in Na (1979) . The linearized difference equations of the system (25) have a block tri-diagonal structure. In a matrix vector form, this can be written as
That is: Ar   
The coefficient matrix A in (26) has a block tri-diagonal structure and the difference equations are solved using a block matrix version of the Thomas algorithm. The numerical results are strongly influenced by the number of mesh points in ,  -directions. After some trials in the η-direction a larger number of mesh points are selected whereas in the ξ-direction significantly less mesh points are necessary. η max has been set at appropriate position and this constitutes an adequately large value at which the prescribed boundary conditions are satisfied. ξ max is set at 2.5 for the simulations. Mesh independence has been comfortably attained in the simulations. The numerical algorithm is executed in MATLAB®.
Grid independency test
In order to check the effects of step size 
Code validation
In order to assess the present numerical method we compare present results with previously published work by Merkin (1977) and Yih (2000) and good agreement is obtained as shown in Table 2 . Table 4 . This shows that increase in Deborah number leads to depreciation in the average Nusselt number. Table 6 . From these values we observed that there is an enhancement in average Nusselt number with increase in Pr. Table 7 shows the results of skin friction coefficient and Nusselt number for different values of radiation parameter R. It is clear that the skin friction coefficient decreases, while Nusselt number increases with increasing values of radiation parameter R. (Fig. 15) . The maximum velocity is computed at the lower stagnation point (~0) for low values of radial coordinate (). The transverse coordinate clearly exerts a significant influence on momentum development. A very strong increase in temperature (), as observed in figure 16 , is generated throughout the boundary layer with increasing  values. The temperature field decays monotonically.
Variation of Deborah number
Temperature is maximized at the surface of the cylindrical body (= 0, for all ) and minimized in the free stream (= 5). Although the behavior at the upper stagnation point (~2.0) is not computed, the pattern in figure  8b suggests that temperature will continue to progressively grow here compared with previous locations on the cylinder surface (lower values of ). It is an important to note that all the numerical results presented here should be claimed and are accurate and acceptable. These methods can easily be extended to more complicated heat transfer problems. 
Conclusion
A mathematical model has been investigated for free convection boundary layer flow of non-Newtonian second grade fluid past an impermeable isothermal horizontal cylinder. The governing boundary layer equations for mass, momentum and energy are transformed into non-dimensional equations by using the non-similarity transformations and then found the numerical solutions by employing an efficient, validated implicit finite difference method. The results of various physical parameters have shown that:  Increasing the Deborah number reduces velocity profile, skin friction and Nusselt number where as it enhances the temperature profile.  Increasing Prandtl number decelerates the flow velocity, temperature and skin friction but Nusselt number enhances considerably.  Increase in radiation parameter retards the flow velocity, temperature and skin friction. But Nusselt number enhances markedly with increase in radiation parameter.
